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Abstract 
Implicit learning was explored in typical and developmental dyslexic children using the AGL paradigm (Reber, 1967). Two 
experiments were conducted; Experiment 1: non-transfer condition and Experiment 2: transfer condition. Typical children 
showed intact implicit learning under both conditions and transfer of knowledge. Children with developmental dyslexia on the 
other hand, were found impaired under both experimental conditions. It is argued that dyslexic children may face problems with 
implicit abstraction. The educational implications of the current results are discussed in relation to the prevalent teaching 
strategies in developmental dyslexia.   
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1. Introduction     
 
     Developmental dyslexia is linked with deficits in a number of functions including phonology (e.g. Snowling, 
2000), perception (visual and auditory) (e.g. Stein, 2001; Tallal, 1980), attention (e.g. Facoetti, Paganoni, Turatto, 
Marzola & Mascetti, 2000) and memory (e.g. Swanson & Jerman, 2007). The cardinal marker of dyslexia is poor 
reading. The phonological theory (i.e. impairment in processing and representing phonological information) has 
been extensively used to account for the noted reading difficulty (e.g. Share, 1995). However, there are instances 
where dyslexic individuals exhibit satisfactory performance on standard phonological tests but fail to achieve 
fluency in reading (e.g. Wimmer, Mayringer, & Landerl, 2000). This dissociation in which good phonological 
decoding skills are present in the context of poor reading skills raised the possibility that a more general learning 
deficit is present. The view that general non-linguistic learning abilities could mediate fundamental reading 
mechanisms (e.g. Nicolson & Fawcett, 1999; Stein, 2001) increased interest in implicit learning. Developmental 
dyslexia is technically classified as learning disorder and therefore it would be profitable to study it in the 
framework of implicit learning. Implicit learning is the learning process by which we acquire knowledge of the 
regularities of the learning environment in a passive way (and possibly without awareness) (Pothos, 2007). Many 
authors (e.g. Gombert, 2003; Share 1995; Sperling, Lu & Manis, 2004) claim that reading involves a blend of 
explicit and implicit learning abilities, so any deficits in any of these abilities could prevent learners from becoming 
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fluent readers. By the same token, implicit learning is considered a salient contributor to reading (Gombert, 2003; 
Cassar & Treiman, 1997) in developmental dyslexia (Howard, Howard, Japikse & Eden, 2006). In the present 
context, developmental dyslexia is perceived as neurobiological in origin and as a condition that is usually evident 
when reading and writing develops with difficulty (BDA, 1999) despite normal intelligence, no sensory or 
neurological impairment and adequate educational and socio-economic opportunities (DSM IV, 1994). 
    Implicit learning has been primarily studied in adults with dyslexia utilizing almost exclusively the serial reaction 
time task (SRTT) (e.g. Kelly, Griffiths & Frith, 2002; but see Pothos & Kirk, 2004; Russeler, Gerth & Munte, 2006 
for AGL). The results from adult studies are inconclusive; some studies support implicit learning deficits (Howard et 
al., 2006; Sperling et al., 2004; Stoodley, Harrison & Stein, 2006) whereas other studies do not (Kelly et al., 2002; 
Pothos & Kirk, 2004; Russeler et al., 2006). Studies on children (Pavlidou, Kelly & Williams, 2009; Pavlidou, 
Williams & Kelly, 2009; Vicari, Marrota, Menghini, Molinari, & Petrosini, 2003; Vicari, Menghini, Marrota, Baldi 
& Petrosini, 2005 but see Roodenry & Dunn, 2007 for contradictory results) however, are more consistent indicating 
a implicit learning deficit. Pavlidou et al. (2009a) were the first to explore implicit learning in primary school 
children using the AGL paradigm in an attempt to investigate more thoroughly the possibility of an existing deficit. 
In a follow-up study, Pavlidou et al. (2009b) using a modified AGL task and two measures of performance (i.e. a 
perfect free recall (PFR) score and a grammaticality judgment score) revealed a dissociation for their dyslexic 
participants: Although the dyslexic children required the same amount of exposure to learn the training stimuli 
(PFR) they failed during grammaticality judgments. They propose that children with developmental dyslexia may be 
impaired in their implicit rule abstraction mechanism, which can partially explain their persistent reading problems. 
Since this failure may reflect implicit abstraction problems, it is proposed to study implicit learning in the 
framework of transfer tradition (e.g. Altmann et al., 1995; Gomez & Gerken, 1999). It is the first time that transfer 
phenomenon is studied in typically and atypically developing young populations specifically children with 
developmental dyslexia. 
 
1.1 The present study 
 
   Following Pavlidou et al.’s (2009b) protocol, two experiments are conducted exploring performance on a non-
transfer condition and a transfer condition, respectively. Both experiments use three measures of AGL performance: 
A PFR, a test of grammaticality decisions and post-task interviews. In the transfer condition, the test stimuli follow 
the structure of the same grammar in which participants were trained on but differ in all their surface properties; it is 
a simple2 transfer (Redington & Chater, 1996) learning setting. Both experimental conditions are thought to 
primarily induce implicit learning although the influence of explicit learning during transfer experiments cannot be 
firmly excluded (e.g. Manza & Reber, 1994; Perruchet & Pacteau, 1990). However, Knowlton & Squire’s (1996) 
grammar minimizes explicit effects such as similarity (Redington & Chater, 1996) as it controls for chunk 
frequencies. Therefore, participants’ performance is primarily thought to reflect learning of deep structure (rule 
learning) (e.g. Manza & Reber, 1994) instead of learning of specific instances (e.g. Perruchet & Pacteau, 1990) that 
are compared to training items (e.g. Brooks & Vokey, 1991). Perfect free recall (PFR) on the other hand, has two 
important functions. First, it controls for working memory influences during the task so that poor performance 
cannot be easily attributed to working memory differences. Second, it minimizes the possibility that above chance 
performance reflects learning that took place during the training phase. 
 
2. Experiment 1: Non-transfer condition 
 
    The first experiment explores two research questions: First, the possibility that children with developmental 
dyslexia will require the same amount of exposure to exemplars as typically developing peers before they can 
correctly recall the sequences (Pavlidou et al., 2009b); they will show the same learning rate. Second, it investigates 
whether children with developmental dyslexia will be able to use the learning that took place during training to meet 
the demands of the task during testing.  
 
 
 
2 There are usually two types of transfer experimental situations: ‘Simple transfer’ refers to single stimulus set change and ‘randomly changing 
transfer’ refers to the change of stimulus mapping for each test item separately (for heuristics of transfer, see Redington & Chater, 1996).    
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2.1 Method 
 
2.1.1 Participants 
 
     In total, 32 primary school children (9-12years) were selected. Half of the children were diagnosed having 
developmental dyslexia and half were typically developing. All the children were matched in chronological age and 
classroom so that environmental factors such as different teaching experiences could be controlled for and 
counterbalanced across the sample. All children were native speakers of English, had normal or corrected to normal 
vision while no other conditions were reported for any of them. Finally, all children had school and parental consent 
to participate in the study and they were given the choice to opt out at any time. Children’s literacy and cognitive 
abilities were measured using the WORD and WISC IV and WASI subtests. Based on the obtain scores, the children 
that comprised the typically developing group had literacy and cognitive scores within or above the normal range 
(see Table 1).  
 
Table 1. Children’s literacy and cognitive profile 
 
Groups N CA                  DS MR                  VC BR SP  
Dyslexic 16 10y 3m 13.19 19.38 24.38 20.31 7.94 
        Typical 16 10y 3m 16.13 23.19 30.81 33.56  20.13 
NOTE: the values represent mean for WISC Digit Span, WASI Matrix Reasoning and Vocabulary and WORD Basic Reading and 
Spelling. 
 
 
2.1.2 Materials 
 
     Knowlton and Squire (1996a) experimental grammar 1 was used. Eight training items and twenty novel testing 
items were created. The resulting stimulus set had an equal number of G and NG items. To create the NG items an 
error was introduced in one place of a G sequence. The G and NG items were matched for chunk strength3; they had 
an equal number of low chunk strength (LCS) and high chunk strength (HCS) items. The original grammar set was 
replaced with shapes as follows: 
 
2.2 Design 
 
     Performance on the AGL task was calculated using three different measures of performance: a perfect free recall 
task (PFR), a grammaticality decision task and post-experimental interviews. In the training phase, the number of 
trials required for PFR of the items was calculated separately for each participant to investigate group differences 
and potential differences in performance arising from different levels of item length as the cards had progressively 
longer sequences. In the testing phase a grammaticality decisions task was administered. The total number of G and 
NG items correctly identified as G and NG was calculated and compared against chance levels for each group. Then 
a 2x2x2 design was employed: Participant type (children with developmental dyslexia, typically developing 
children) X grammaticality (G, NG) X chunk strength (HCS, LCS).  
 
2.3 Procedure  
 
    During the training phase children were shown four cards that each had two training sequences printed on it. Each 
card was presented for 15 seconds and the child was asked to memorize and reproduce the depicted sequences freely 
(PFR) using printed cards of individual shapes. If the child did not manage to reproduce the sequences accurately 
with the first trial, the card was shown for another 15 seconds. This procedure was repeated until the child 
reproduced correctly the sequences. Before children progressed to the testing phase, they were informed about the 
rule-governed nature of the stimuli they had just memorized. They were then exposed to novel items that were made 
 
3 Chunk strength for each testing item was calculated by dividing the total number of bigrams and trigrams it consisted of, with the number these 
bigrams and trigrams it had appeared during the training phase. 
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from the same set of shapes and were asked to make grammaticality judgments: They were asked to decide which of 
the new presented items followed the same rules as the previously memorized items and which did not conform to 
these rules. This time, the stimuli were presented on a portable computer screen and remained on screen until the 
child provided an answer.  
2.4 Results  
     To test whether both groups of children required the same degree of exposure to achieve PFR an independent t-
test was run comparing the mean number of trials each group needed to learn the training sequences. This revealed 
that both groups of children required the same amount of exposure to the training items (t(30)= 1.919, p> 0.05). To 
explore children’s performance during the testing phase of the AGL task t-tests were run for both groups of children 
independently comparing children’s performance against chance levels (i.e. 0 would be minimum performance, 10 
chance performance and 20 maximum) to assess if any learning of the grammar took place. Typical children 
performed at above chance level (t(15)=3.530 p<0.05 M= 11.75, SD=1.98) whereas children with developmental 
dyslexia performed at chance level (t(15)= 1.83, p>0.05 p value reported two-tailed  M=9.5, SD=1.1) (see. Fig. 1).                 
     Given the difference in the learning rates of the two groups of children as measured by the t-tests, we also run 
repeated-measures ANOVA with one factor corresponding to group (dyslexic, typically developing), a second to 
grammaticality (G, NG) and a third to chunk Strength (HCS, LCS). Between subjects ANOVA revealed an effect of 
group (F(1,30)= 14.46, p=0.001): The typical group outperformed the dyslexic group. Within subjects ANOVA did 
not reveal a main effect of grammaticality or chunk strength however, there was a significant two-way interaction 
between the two material variables (grammaticality X chunk strength) (F(1,30)= 7.51, p<0.005). Therefore, separate t-
tests were run for each substring dependencies all children i.e. t-tests for grammatical (G) items (of both high and 
low chunk strength), non-grammatical (NG) items  (of both high and low chunk strength), high chunk strength 
(HCS) items  (both grammatical and no-grammatical) and finally for low chunk strength (LCS) items (both 
grammatical and no-grammatical). The t-tests for the G items and for HCS and LCS items were not significant. 
However, the t-test was significant for the NG items (t(31) = 2.41, p< 0.05, M= 5.75, SD=1.76). Typically developing 
children were able to classify NG more accurately compared to children with developmental dyslexia (see Figure 2).  
 
                                       
        Figure 1.AGL performance expressed as                                       Figure 2. Mean endorsement rates for each tiem 
          the mean number of correctly identified items  
          during the testing phase.                                                                                     
 
2.5 Discussion 
      All children showed evidence of learning during training phase: Both typically developing children and children 
with developmental dyslexia seem to benefit from the structured nature of strings to memorize them successfully 
(Pavlidou et al., 2009b). In other words, the structural regularities facilitated working memory performance equally 
for both groups in the training phase. In spite of children’s good overall performance during the training phase, in 
the testing phase of the task only typically developing children were able to sustain the same level of performance. 
Children with developmental dyslexia did not show the same good AGL performance as typically developing 
children. Due to the training regime that was adopted any failure during the testing phase could not be easily 
attributed to explicit learning factors that relate to working memory (i.e. poor or partial memorization of items 
(Pothos, 2007)). By the same token, any evidence of implicit learning in testing phase was assumed to take place 
primarily during the testing phase. Typically developing children showed above chance performance that serves as 
an indicator of learning taking place. In direct contrast, children with developmental dyslexia failed to show the 
same learning of the grammar as manifested in correct grammaticality decisions. When particular levels of item 
characteristics were examined, differences were found between the two groups of children. Children with 
developmental were found to have difficulties recognizing items on the basis of their grammaticality i.e. classifying 
them according to whether they were grammatical or non-grammatical compared to typically developing children. 
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Moreover, the developmental dyslexic group showed the same poor recognition rate for items of low associative 
strength as compared with that of the typically developing group.  
     Taken together the results suggest that typically developing children are able to show learning of the grammar 
irrespectively of the particular measure of grammaticality used and the specific type of stimulus characteristics. In 
direct contrast, children with developmental dyslexia show an inability to perform as well as typically developing 
children when indirect measures of grammaticality are used (i.e. grammaticality judgments). The finding that they 
cannot make correct grammaticality judgments at above chance rates for items irrespectively of their substring 
characteristics (Pavlidou et al., 2009b) points to possible abstraction problems: While they can successfully learn the 
training items (even if they might occasionally require more exposure than typically developing children) they show 
an inability to abstract knowledge across the stimuli to help them cope with the demands of the implicit 
grammaticality task.  
     It follows that for children with developmental dyslexia while explicit learning mechanisms relating to working 
memory seem to function at a good level, more abstract information mechanisms seem to be impaired. However, to 
argue more safely in favor of an implicit abstraction deficit inhibiting high implicit learning performance, 
abstraction should be established for typically developing children. This possibility is explored in the following 
experiment 
 
3. Experiment 2: Transfer condition 
 
     In this experiment, children who completed Experiment 1 are tested in a transfer learning setting. Given that it is 
the first time a transfer experiment is conducted with children no solid predictions can be made. Since children with 
developmental dyslexia show a consistently poor performance on the testing phase of the AGL one would expect 
that these problems may persist in transfer conditions that require the abstraction of highly complex knowledge. 
Studies in typical adults (e.g. Manza & Reber, 1994) on the other hand, have showed transfer effects despite the fact 
that the overall testing performance is lower. So, based on adult studies one would expect lower overall performance 
but learning at above chance rates. Therefore, the aim of this experiment is dual. First, to investigate whether 
knowledge acquired during the AGL task can be viewed as reflecting abstraction mechanisms in both groups of 
children. Second, to explore the possibility that any failure children with developmental dyslexia show in the task 
may share a causal link with the way rule abstraction mechanisms function.  
  
3.1 Method 
3.1.1 Participants 
The same set of 32 children from Experiment 1: Typical Condition took part in the transfer experiment (see table 1). 
 
3.1.2 Materials 
 
In the present experiment a different developed grammar is used to create both training and testing items, based on 
Knowlton & Squire’s (1996) original experimental grammar B. This time however, two different sets of geometrical 
shapes are used to create the training and testing items, respectively. To construct the training items, the grammar’s 
letters are replaced with geometrical shapes as this: B is replaced with square, L with hexagon, Z with trapezoid and 
F with diamond. To construct the transfer condition another set of shapes is used whereas the grammar structure 
remains the same; Square (B) is replaced with circle, hexagon (L) with rectangle, trapezoid (Z) with triangle and 
finally, diamond (F) with pentagon. 
 
3.1.3 Design 
The same design to that in Experiment 1 (typical condition) is adopted for the present experiment as well (see 
section 2.1.3). 
3.1.4  Procedure 
    Experiment 2: Transfer condition was conducted at least one week after experiment one had taken place. An 
identical procedure was followed to that of Experiment 1: Typical Conditions (see section 2.1.4). The children were 
asked to freely reproduce (PFR) a set of 8 sequences of geometrical shapes printed on 4 cards using individually 
printed shapes. They were then informed that the sequences of shapes they had memorised were based on some very 
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complex rules and that they will have to make grammaticality decisions for a new set of items that followed the 
same rules but used different shapes. 
 
3.2 Results 
 
    T-test was run to assess PFR performance. The t-test was not significant (t(30) = 1.3, p>0.05) verifying that both     
groups of children needed the same amount of practice to successfully memorize the sequences. However, to 
examine the learning that took place during the testing phase two different statistical tests were again conducted. 
First, independent t-tests were used to assess whether their overall classification performance (i.e. the number of G 
and NG items of both LCS and HCS they were able to identify correctly) was above chance serving as an indicator 
of grammar learning during the testing phase. In the task chance performance would be 10 (with minimum 
performance 0 and maximum 20). The t-test for the typically developing group was significant (t(15)= 2.22, p<0.05, 
M=11.13, SD= 2.03). In contrast, the t-test for the typically developing group was not significant (t(15)= 1.15, p> 
0.05, M=9.06, SD= 0.81). Only typically developing children were identifying items at a level that could not be 
explained by guessing (see fig. 3). Second, repeated-measures ANOVA was run, with had one factor corresponding 
to group (typically developing, developmental dyslexic), one to grammaticality (grammatical, non-grammatical) and 
one to chunk strength (low, high). Between subjects test showed a group effect (F(1,30)= 4.63, p<0.05). The two 
groups of children were performing significantly different during the testing phase augmenting the results of the 
independent t-test. Within subjects tests showed a main effect of grammaticality (F(1,30)= 11.32, p<0.05), a main 
effect of chunk strength (F(1,30)= 28.33, p< 0.001) and a two-way interaction of grammaticality X chunk strength 
(F(1,30)= 17.07, p<0.001). There were no 3-way interactions.. All substring levels i.e. grammaticality and associative 
strength affected the way children responded during the testing phase.  
     To explore the particular level of the specific stimulus dependencies at which children with developmental 
dyslexia are showing lower performance, paired t-tests were done. The paired t-tests were comparing each group’s 
performance against each other on every specific stimulus dependency separately i.e. (1) G and (2) NG items of both 
HCS and LCS and (3) HCS and (4) LCS items both G and NG (see Fig. 4). The paired t-tests were significant for G 
items (t(15)=3.93, p=0.001, M1= 3.50, SD1= 1.37  and M2 =5.1,  SD2= 1.4) and LCS items (t(15)=3.87, p<0.05 M1= 
3.38, SD1= 1.63  and M2 =4.88,  SD2= 1.08). Typically developing children were able to identify grammatical items 
(irrespectively of their associative strength) as well as items with low associative strength (irrespectively of their 
grammatically) at higher rates compared to children with developmental dyslexia. In other words, children with 
developmental dyslexia had difficulties identifying grammatical items and items that had low associative strength. 
 
3.3.Discussion 
 
In relation to the first scope of the experiment, all children seem to have facilitated from the structured nature of the 
training materials, as they required the same amount of exposure to memorize them effectively. Good memorization 
of specific items during the training phase could help children with developmental dyslexia to use previously 
acquired knowledge to partially meet the demands of the task but, their overall poor testing performance points to 
problems in the formation of abstract and possibly rule-like knowledge. A more detailed analysis of typical 
children’s classification judgments during the testing phase revealed that both fragment influences and 
grammaticality were affecting the way children responded in accord with previous research in adults (Knowlton & 
Squire, 1996). It can be argued that typically developing children are able to recognize correct items irrespective of 
                                                                 
                             
              Figure 3.AGL performance expressed as                         Figure 4. Mean endorsement rates for each item 
                 the mean number of correctly identified items  
                 during the testing phase.                                                                                     
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their substring characteristics. In line with previous AGL experiments (Pavlidou et al., 2009a; Pavlidou et al., in 
press) children with developmental dyslexia on the other hand, show an implicit learning deficit irrespectively of the 
particular characteristics of the learning setting they show impaired implicit learning. 
   The second purpose of the experiment was to explore the possibility of abstract processes mediating AGL. 
Interestingly, the finding that typically developing children show transfer effects provides evidence for such a 
possibility. Their good performance despite the new instantiated shape set indicates that the knowledge acquired 
from or mediated by transfer could not be sufficiently explained by fragment-based accounts (e.g. Brooks & Vokey, 
1991). However, the surface characteristics of the testing items were changed (i.e. different shape set from the one 
used in training phase) the fragment-based influences point to a sensitivity towards repetitive shape combinations. 
Yet, other predictors of performance could explain this sensitivity such as anchor chunk strength or edit distance. 
But since these predictors have not been experimentally controlled (and are subject to future research) no solid 
conclusions can be made. The possibility that children’s performance reflects the use of ‘analogy strategies’ 
(Redington & Chater, 1996) is rather minimized, as the transfer condition reduces the amount of readily available 
information. The data suggest children with developmental dyslexia as opposed to typical children show an inability 
to abstract knowledge. In turn, this inability might inhibit the recognition and correct classification of grammatical 
and non-grammatical testing items and explain their overall poor AGL performance.   
 
4. General Discussion 
 
   Two experiments were conducted to investigate implicit abstract learning using a non-transfer and a transfer AGL 
conditions in typically developing children and children with developmental dyslexia. The analyses in both 
experiments showed that all children were sensitive to (a) fragment-based information and (b) grammaticality. The 
sensitivity to fragment-based information is in line with the view that chunk knowledge can explain AGL 
performance (Perruchet & Pacteau, 1990). However, despite the fact that all children required similar exposure to 
training items, only typically developing children had an above chance performance in both experiments. It can be 
argued therefore, that the exclusive knowledge of bigrams and trigrams does not seem to facilitate classification in 
AGL. The fact that typical children showed a transfer effect along with the grammaticality effect in both conditions 
strongly indicates that abstract knowledge mediates AGL.  
   Taking into account the research that has been conducted in young populations with developmental dyslexia using 
a very interesting picture emerges: Children with developmental dyslexia are found impaired in their implicit 
learning abilities (Pavlidou et al., 2009a; Pavlidou et al., 2009b; Vicari et al., 2005) when the complexity of the 
learning situation is increased and irrespectively of the implicit task in use and/or the stimulus characteristics. They 
face problems abstracting information in a rule-like format, which in turn, affect reading performance even when the 
use of good explicit learning strategies can be established. The serial stimuli that are used in the present implicit 
learning experiments could be viewed as an analogy of reading where both explicit and implicit types of information 
seem to play a crucial role in successfully decoding the text and reaching fluency(e.g. Sperling et al., 2004). It 
follows that teaching approaches could capitalize on the good implicit learning abilities in typical children or target 
the underlying implicit learning deficits in children with developmental dyslexia (Bennett, Romano, Howard & 
Howard, 2008). 
   Our data are in accord with the natural vs. formal learning data suggesting that children with developmental 
dyslexia will not benefit greatly from incidental learning conditions. The findings from the literature on the 
effectiveness of natural learning as opposed to formal learning in spelling performance (Graham, 2000) make the 
educational impact and value of the empirical findings reported in this thesis clearer. Children with learning 
difficulties do not seem to improve their spelling capacities when incidental learning is the primary source of 
learning (e.g. Kerchner & Kistinger, 1984). Therefore, naturalistic teaching strategies such as whole language 
approaches may not be proven the most suitable for teaching school populations with developmental dyslexia. 
Moreover, the lack of transfer effect of implicit knowledge minimizes the possibility of transfer learning effects. For 
example, any transfer effects from reading to spelling performance and vice versa will be rather limited for children 
with developmental dyslexia as opposed to typical children. So, any attempts to transfer the gains from one learning 
setting to another in children with developmental dyslexia may prove at least difficult.  Most importantly, children 
with dyslexia can be explicitly taught to use strategies to compensate for such difficulties and become independent 
readers. In the case of typically developing children however, naturalistic teaching approaches can be used to take 
advantage of the well-functioning implicit learning abilities on the basis of the probabilistic (i.e. higher-order) 
relationships that characterize the written language units (Conway & Pisoni, 2008). For example, typical children 
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can be taught using whole-word strategies to enhance their literacy skills following the assumption that extensive 
incidental exposure helps the development of higher-order mappings in reading and spelling. Yet, it is not suggested 
that naturalistic approaches should not be abolished from or be in the centre of teaching; instead we propose teacher 
to use both approaches in the classroom where appropriate, so that all children can reach their full learning potential. 
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